Abstract Background Evidence from the data provided in numerous published articles indicates that obesity and overweight can have a negative prognosis role in breast cancer. However, different Body Size Indicators (BSI) and cut-points have been employed and may partly explain discrepancies between the findings of various studies. Material and methods 14,709 women were recruited, treated and followed for a first unilateral breast cancer. After randomly splitting the patients' data into two groups, a maximum statistical outcome approach was used to select optimal BSI cut-points from a ''training sample'', when prognosis events were investigated. External validation was then carried out using a ''validation sample'', and agreement between the selected optimal BSI cut-points was assessed. Body Mass Index (BMI), weight (W), Ideal Weight Ratio (IWR) and Body Surface Area (BSA) were used, and were assessed at the time of diagnosis. Results The selected optimal BSI cut-points were reliable when overall survival, metastasis recurrence and disease free interval events were investigated. The chosen BMI cutpoint values matched the overweight cut-point value given by the World Health Organization. Agreement between defined binary BSI was acceptable; however, it varied from ''fair'' to ''very good''. Analysis of second primary cancer occurrence and contralateral recurrence events was not conclusive. When local and node recurrence events were taken into account, the results were inconsistent and were linked to an unconfirmed relationship between stoutness and these prognosis events. Conclusions Efficient, optimal BSI cut-points indicate a poorer prognosis, illustrated by a shortened overall survival and an increase of metastasis recurrences, from a BMI value of 25 kg/m 2 , a W value of 60 kg, an IWR value of 20% and a BSA value of 1.7 m 2 . Further BSI cut-point investigations are needed, taking into account contralateral recurrence and second primary cancer events.
Introduction
Numerous relevant studies support the negative prognosis role of obesity and/or overweight in female breast cancer [1] [2] [3] [4] [5] . Nonetheless, significant discrepancies between methodologies and results have been observed, and some findings support the controversy surrounding this topic. One of the limitations of this type of assessment is the use of various stoutness indicators and cut-points in order to define overweight and obesity [1] .
The Body Mass Index (BMI) is often used according to the recommendations of the World Health Organization (WHO) [6] . Although the WHO has defined recommended BMI cut-points (18.5; 25 and 30 kg/m 2 ), other values are used in the literature dealing with breast cancer prognosis: the cut-points range extends from 21 to 30 kg/m 2 in studies exploring the influence of excess of weight in the overall survival (the most frequently investigated prognosis event) of women with breast cancer [1] . In these surveys, significant estimated effects vary largely according to the choice of cut-points. Though BMI is known to provide a reliable assessment of the prevalence of obesity and overweight on the scale of a population [6] [7] [8] , it also suffers from some limitations [9] . The same cut-off value may correspond to different degrees of fatness, depending on the studied populations [6, 10] . Moreover, Stevens et al. [11] observed that ''BMI cut-offs associated with equivalent risk across ethnic groups differ widely depending on the outcome and the risk estimate''.
Other Body Size Indicators (BSI), obtained from weight (W) and height (H), have also been considered in breast cancer prognosis, including weight itself [12] [13] [14] [15] [16] [17] [18] [19] , Ideal Weight Ratio (IWR) [18, [20] [21] [22] and Body Surface Area (BSA) [12, 18] . Kyogoku et al. [18] showed that there are strong quantitative correlations between BSI themselves, whilst significant multivariate breast cancer prognosis effects were observed when BSI were coded as categorical variables. However, Himes et al. [23] observed a lack of correspondence between some measures, commonly used to identify obesity, when the BSI cut-points were defined using the distributions' fifth quintile. This study revealed a potential classification bias, linked to the choice of BSI cutpoints used to define overweight or obesity, whereas strong quantitative correlations were observed between stoutness indicators computed from height and weight.
As a result of the multiplicity of published overweight and obesity definitions [1] , whose influence is taken into account in breast cancer prognosis, the reliability of BSI and cut-point choices can be questioned. Furthermore, as excess of weight can have potentially clinical implications linked to nutritional habits [24] , BSI (which can be easily obtained from weight and height) should be preferred to other invasive and costly fatness evaluation tools for the purposes of breast cancer prognosis. In this context, the continuous use of stoutness indicators would not be useful, whereas the use of binary coding to oppose heavier patients to others would indeed be more relevant. In a previous paper [5] , the authors of the present paper confirmed, using recommended WHO BMI cut-points, the independent role of obesity in the prognosis of female breast cancer. Multivariate analyses revealed relevant overweight and obesity effects related to metastasis recurrences, overall survival and second primary cancer occurrences. Knowing that the choice of BSI cut-points can have an influence on the association between the stoutness and the prognosis of the breast cancer, the purpose of this study was to establish and validate the most appropriate and informative cutpoints for different BSI. In addition, the agreement between selected optimal BSI cut-points was evaluated.
Material and methods

Material
The characteristics of our population are summarized in a previously published paper [5] . We selected 14,709 women who were recruited, treated and followed at the Curie Institute (Paris-France) for a first unilateral breast cancer without distant dissemination. The patients were recruited between 1981 and 1999 and were followed prospectively. Less than 15% of the initially eligible patients were excluded because of missing anthropometric data. Height and weight were measured at the time of diagnosis.
Methods
Previous published analyses [5] of this population revealed significant obesity prognosis effects using a categorical BMI variable to define overweight and obesity, according to WHO recommendations. In this study, our aim was to define the most suitable BSI cut-points, in terms of their relevance to several prognosis events in breast cancer: local, nodal, contralateral and distant recurrences, overall survival and second primary cancer occurrences. The Disease Free Interval (DFI), including the absence of metastases, nodal or local recurrences, was also explored. We thus computed several BSI from the patients' weight and height: BMI expressed in kg/m 2 , W in kg, IWR [18, 25] . The search for optimal binary BSI cut-offs was supported by an observed continuous monotonous relationship between BSI and prognosis events in the studied population (data not shown). The range of explored cut-offs for each BSI was based on the observed descriptive statistics of these indicators in the studied population, and the published BSI cut-points employed in breast cancer prognosis studies ( Table 1) . The optimal BSI cut-points were selected by using a maximum statistical outcome method. Its goal was to select BSI values that best separated low and high risk patients, according to the studied outcome. We used Cox proportional hazards models [26] based on a partial likelihood maximization, for the estimation of parameters, in order to appreciate the univariate prognosis effect of BSI cut-points. We employed the Log Likelihood (LL) and the Akaike Information Criterion (AIC) of the Cox models, which are known to be reliable tools for the selection of variables in a modeling process [27] [28] [29] . They enable, respectively, nested and non-nested models to be compared. Harrell's C-index [28, 30] , a tool used for the assessment of model discrimination ability, was also used. It represents the probability of concurrence between model predicted values and accurate outcomes. In survival data, it is computed by using all informative pairs of subjects (at least one subject in each given pair is not censored), for which predicted and observed survival times are compared. As presented by Pencina and D'Agostino [31] , the overall C index is ''the proportion of usable pairs in which the predictions and outcomes are concordant''. A C-index value of 0.5 is considered to result from random predictions, whereas a value of 1 corresponds to perfectly accurate predictions [28] ; however, poor C-index values can be induced by a high number of censored times ( Table 2 ). After having selected the optimal BSI cut-points for a given prognosis event, we assessed the agreement between the cut-points using the kappa coefficient [32] . Continuous correlations between the BSI themselves were assessed using a correlation coefficient [33] .
The definition of 'best' BSI thresholds according to statistical criteria, has been associated with an inflation of type I error rates, and a tendency towards the overestimation of measured effects [34] . Therefore, by taking advantage of data based on a large population and a considerable number of prognosis events (Table 2) , we achieved an external validation strategy [28] based on data splitting: we randomly selected 70% of our initial population data, thereby defining a ''training or test sample'' (N = 10,296), to perform ''optimal'' BSI cut-points choices for each prognosis event. The results obtained were then applied to the other patients, i.e. the remaining 30% of our initial population, thereby defining a ''validation sample'' (N = 4413). Whereas univariate results were used to select ''optimal'' BSI thresholds, multivariate adjustments were then computed using the principal breast cancer prognosis factors: age, menopausal status, size of tumor, tumor's Scarf-Bloom-Richardson grade, year of diagnosis (recruitment), expression of estrogen and progesterone receptors by the tumor, local and lymph node invasion, number of invaded nodes after axillary dissection, type of surgical treatment, use of hormonotherapy, chemotherapy and/or radiotherapy. The obesity prognosis effect is known to be linked to breast cancer characteristics at the time of diagnosis [5, 35] , as it may be linked to a delayed diagnosis. Multivariate adjustments were therefore computed. As common breast cancer prognosis factors are not useful for the assessment of the risk of second primary cancers, only age and menopausal status were used as multivariate adjustments for the study of second primary cancer events. Hazard Ratios (HR), corresponding to each binary BSI effect, were computed with 95% confidence intervals (95 CI) and LL ratio tests [27, 28] .
Power tests linked to the adjusted HR corresponding to the validation sample, which represented 30% of the initial population, were estimated in order to improve the interpretation of results. A substantial loss of power was expected. The Freedman formula, used in Cox proportional models, proposed by Rosner [33] , was used to estimate power test outcomes. The S-plus statistical software was used for data analysis. Results High significant correlations were observed between BSI indicators when they were used as continuous variables. The highest correlations were found between BMI and IWR (the correlation coefficient reached the value of 0.99) and between Weight and BSA (0.98); the lowest correlation coefficient was observed between IWR and BSA (0.74).
From the training sample, the agreement between LL, AIC and C-index best values (obtained from the univariate analysis), enabled optimal BSI cut-points to be selected when all prognosis events were considered. The results in terms of overall survival, metastasis recurrence and DFI events indicated that unadjusted and adjusted HR estimates from the training sample were reproducible in the validation sample (Table 3a) . Nonetheless, in the validation sample, adjusted HR were often statistically non-significant and estimated power tests were frequently poor (data not shown). DFI evaluations made with the validation sample presented comparatively less significant results. The Kappa agreement quality [36] between selected BSI cut-offs varied from ''fair'' to ''very good'' ( Table 4 ). The best kappa coefficients were observed between BMI and IWR (0.90), and between W and BSA (0.84), when overall survival outcome was evaluated. Optimal BMI cut-points, linked to overall survival, metastasis recurrences and DFI, corresponded to the overweight threshold value according to the WHO definition. Concerning second primary cancer and contralateral recurrence outcomes, significant univariate and multivariate effects were observed in the training sample (Table 3b ). However, in the case of contralateral recurrences, with the exception of BSA, reduced HR estimations were found in the validation sample. This phenomenon was more pronounced for second primary cancer events, for which the estimated HR were half of those from the training sample. Once again, quality agreements between defined best binary BSI for these outcomes varied from ''fair'' to ''very good''. The best agreements were observed between BMI and IWR (0.92), and between W and BSA (0.90), when contralateral recurrence outcomes were investigated; the BMI optimal cut-point matched the threshold value of overweight defined by the WHO. Concerning the analysis of second primary cancer outcomes, the optimal BMI cut-point was 29 kg/m 2 which closely matched the WHO threshold value for obesity. In this case, the BMI cut-off had a modest (''fair'') kappa coefficient when compared with IWR, whereas W agreed much better with the BSA.
The study of local recurrence events led, in most cases, to non-significant HR from both training and validation samples (Table 3c ). HR estimations were often close to the unity, except for the case of BSA: the choice of a 2.2 m 2 BSA cut-off led to 0.6% of the test sample patients being defined as ''stout'', and to fewer uncensored times, whereas other BSI cut-points led to a far greater number of patients being defined as overweight. When node recurrence events were taken into account, few statistically significant results were observed from the training sample (univariate and multivariate tests of W and BSA). HR values estimated from the validation sample were contradictory to those determined using the training sample. Very poor kappa coefficients were found between some optimal binary BSI, when local and nodal recurrences were explored (considering, respectively, BSA and IWR).
Univariate associations between optimal binary BSI and prognostic events were frequently linked to poor C-index values (close to 0.5). Multivariate adjustments improved the C-index values to nearly 0.70-0.75 in almost all cases, except for those characterized by second cancer and contralateral events for which multivariate adjustments very slightly improved this index (Table 5 ). In the case of second cancer events, C-index values from the training sample were clearly higher than those from the validation sample. Concerning node recurrence events, C-indices values linked to adjusted HR values from the validation sample were clearly higher than those derived from the training sample.
Finally, optimal BMI cut-points were frequently characterized by the best LL, AIC and C-index values, linked to breast cancer prognosis analyses, even though, the other BSI had values very close to those given by the BMI.
Discussion
This study, carried out using a methodology which implements an external validation, based on data splitting, has enabled optimal BSI cut-points to be identified and associated to the prognosis of breast cancer. When compared with other published studies which investigate the prognostic role of obesity and/or overweight [1] in breast cancer, the significant number of events and large population size, reported here, ensure that HR estimations were derived with a reliable effect size beyond the statistical tests significance. Nevertheless, in a simulation study, Faraggi and Simon [34] found that a maximum statistically selected variable cut-point can lead to an overestimated HR. This phenomenon would be related to the HR achieved from our training sample.
Selected optimal BSI cut-points were effective in terms of breast cancer prognosis when overall survival (OS), metastasis recurrence and DFI events were studied. As the BMI selected threshold values were 24 and 25 kg/m 2 , the role of excess weight in breast cancer prognosis starts to become significant at the WHO-defined threshold (cutpoint) for overweight. The W, IWR and BSA cut-offs are [18] found that there was a 12% difference in survival likelihood between patients with a BMI of 20 kg/m 2 and those with a BMI of 24 kg/m 2 , after a 10-year of follow-up. Kimura et al. [1] defined stout patients as those with a BMI of at least 23 kg/m 2 , and revealed a significantly lower survival probability for stout post-menopausal women after a 10-year follow-up, when compared to leaner patients with a BMI lower than 21 kg/m 2 . Using nonlinear modeling, Goodwin et al. [1] observed degraded disease free survival (DFS) and overall survival outcomes for patients with a BMI of at least 25 kg/m 2 ; nevertheless, these authors also observed poorer outcomes for patients with a BMI of less than 20 kg/m 2 . In the modeling process of our population data, the use of a quadratic BMI term in addition to the linear term, did not suggest any increase of metastasis, DFI or overall survival events among leaner [1] . BSA is the least used BSI for the study of breast cancer prognosis; very few authors have reported a 193-203 199 significant relationship between BSA and breast cancer DFS [12] or OS [18] . In these cases, Gehan and George's formula [25] was employed and the highest used cut-point value was 1.5 m 2 , with an unadjusted HR of about 1.7, when compared to patients with a BSA of less than 1.4 m 2 [18] .
Concerning second cancer events, the influence of significant overweight was estimated from our population training sample. The selected BMI threshold matches the obesity cut-point definition given by the WHO. Nonetheless, results from the validation sample did not confirm these findings. Dignam et al. [37] observed, from a substantial cohort of 3,385 patients, a significant increase in the occurrence of second cancers and contralateral breast cancers among women with a BMI above 30 kg/m 2 , when compared to those with a BMI of less than 25 kg/m 2 : HR values of up to 1.60 were estimated. In the survey described in the present paper, when optimal BSI cut-offs were implemented, the The C-index from the adjusted HR in the test sample, and the C-index from the unadjusted and adjusted HR in the validation sample were also computed estimated univariate HR for second primary cancers reached a value of 2, whereas adjusted HR values ranged between 1.6 and 1.8, which is close to the HR range estimated given by Dignam et al. Among the patients in the validation sample defined as being stout, few events were noticed (about 20). Together with node recurrence, second primary cancer outcomes are the least observed events (Table 2) . Although the C-index values are clearly better, as far as the results from the training sample are concerned (thus supporting HR as an accurate indicator), HR discrepancies in the validation sample did not enable BSI cut-offs to be validated for second primary cancer outcomes. A similar situation was observed concerning the outcome of contralateral recurrences. Nevertheless, the use of the optimal 1.7 m 2 BSA cut-point appears to be efficient, contrary to the use of other selected BSI cut-points are not; however, the former BSA threshold does not produce better outcome statistics (LL, AIC and C-Index). Suitable agreement between binary BSI corresponds to the WHO overweight cut-point definition.
Although obesity is clearly recognized as a risk factor for breast cancer among post-menopausal women [38] , these results do not permit BSI cut-points, derived from contralateral recurrence event analysis, to be validated.
Nodal and local recurrence events are rarely specifically studied. Marret et al. [1] found an independent prognostic role for BMI, when used as a continuous variable, by associating it with a reduced risk of local recurrence (HR = 0.92 [0.85-0.99]). In the survey reported here, the investigation of local recurrence events led to a non-significant relationship between overweight and the risk of local recurrence. However, optimal BMI, W and IWR cutoffs enabled a reliable HR to be estimated, with a value a little less than unity (Table 3c ). When node recurrence events are considered, HR estimates from the validation sample are contradictory to those derived from the test sample. The IWR cut-point have very poor agreements with the other binary BSI, whereas W and BSA exhibit a ''very good'' agreement coefficient (0.8), better LL, AIC and C-index values, and significant unadjusted and adjusted HR estimates from the training sample. However, adjusted HR estimates from the validation sample had clearly better C-index values. Our interpretation of these contradictory results is that they are not consistent and are linked to an unconfirmed relationship between stoutness and breast cancer local or nodal recurrence. A simulation study has shown that the use of a cut-point, in presence of a continuous link between covariate and event risk, leads to a significant loss of power [34] . The continuous use of BSI in local or nodal recurrence risks was non-significant in our study. In the case of local and nodal recurrences, significant results appear to be related to sampling fluctuations, especially when the studied subpopulations have a small number of uncensored survival times [28] .
The present study offers new data relevant to the use of optimal cut-points, for several different BSI. This is particularly accurate and contributive for OS, DFI and Metastasis recurrence, the most frequently observed events during breast cancer follow-up. Suggested optimal thresholds for second primary cancers and contralateral recurrence events were not validated, since the outcome of our analysis was not conclusive. While local and nodal recurrence event analyses were irrelevant, the influence of BSI on DFI events is related to the risk of metastasis recurrence. As shown in our results, even though various binary BSI can have equivalent efficiencies, their kappa agreement coefficients vary from ''fair'' to ''very good'' [36] . In our survey, this finding could not be explained by a kappa paradox [32] . Although optimally efficient binary BSI cut-points do not allow exactly the same patients to be identified, they are in substantial agreement. The results of our study can be used to improve the understanding of discrepancies between other studies, arising from the choice of BSI and cut-points.
The analysis methodology described in this study is based on usual statistical modeling tools for the selection of variables (log likelihood, AIC), to check the model's discriminatory ability (C-index) and to validate results (external validation by data splitting). The efficiency of this strategy has already been illustrated [39] , and presents the advantage of simplified computations and interpretation of results, in the case of a substantially large population sample. Some authors have suggested selecting optimal cut-points by the use of cross validation procedures [34] , bootstrapping computations of an optimal cut-point effect confidence interval [40, 41] , adjusted significance level tests [34, 42] and multivariate settings [43] . However, loss of power [34, 43] and underestimated HR [34] have been reported in the case of the cross validation strategy. When only a limited population size is available, internal validation methods such as re-sampling techniques and bootstrapping [28] should obviously be preferred.
From our study, validated BSI cut-points from the investigation of overall survival and metastasis recurrence events support the use of a BMI value of 25 kg/m 2 , a W value of 60 kg, an IWR value of 20% and a BSA value of 1.7 m 2 to identify stout patients with a poorer breast cancer prognosis. These cut-points may be used by health professionals, to conduct nutritional intervention studies for the improvement of patients' breast cancer prognosis.
Additional studies are needed to explore second primary cancer and contralateral recurrence events in order to validate optimal binary BSI cut-points. The improvement of breast cancer survival, over the last decades, should enable these required surveys. Further validation of optimal BSI cut-offs, in relation to OS and metastasis recurrence events among other populations [23] , would also be useful.
